Objective To determine trends in the incidence of foot-related hospitalisation and amputation amongst persons with diabetes in Queensland (Australia) between 2005 and 2010 that coincided with changes in state-wide ambulatory diabetic foot-related complication management.
Introduction
Foot-related complications are one of the most common reasons for hospitalisation and lower extremity amputation amongst persons with diabetes [1] [2] [3] [4] . Furthermore, people hospitalised with diabetes and foot-related complications experience longer lengths of hospital stay, higher hospital costs and higher mortality rates compared to those hospitalised with diabetes without foot-related complications [4] [5] [6] [7] . The effect of foot-related complications on individuals with diabetes can also have profound ongoing implications on physical function, mental health and quality of life [8] [9] [10] [11] .
Amputation rates amongst persons with diabetes have been suggested as an important quality indicator of health system performance in geographical regions [12] [13] [14] [15] [16] . Reducing the incidence of amputations amongst persons with diabetes indicates effective system-wide health care of diabetes and diabetes complications [12] [13] [14] [15] [16] . These recommendations are based on studies demonstrating reductions in amputations when integrated evidence-based multi-faceted foot-related complication management strategies are delivered amongst persons with diabetes in defined geographical regions [16] [17] [18] [19] [20] [21] .
Australia has been reported to have high amputation rates amongst persons with diabetes (approximately 18 per 100,000 person-years of the general population) in comparison to other developed nations (median of approximately 12 per 100,000 person-years) [4, 22, 23] . Whilst it is acknowledged that amputation rate comparisons between different regions or nations are challenging, due to methodological differences in data sources and numerator and denominator definitions [3, 12, 15, 16] , further reports indicate that Australia's national amputation rates amongst persons with diabetes were increasing [7, 24] . However, a study of Australian national or regional amputation rates amongst persons with diabetes over time has not been performed since the 1990s [25] . The last study analysed rates between 1995 and 1998 and reported a relatively steady rate of 14 diabetes-related amputations per 100,000 person-years in the general population during this period [25] .
The state of Queensland is the second largest Australian state in terms of geographical area, third largest in population and most decentralised state incorporating extremely diverse geography and demography [26] which makes systematic delivery of health care challenging. Thus, Queensland appears to be an appropriate representational regional population to inform foot-related hospitalisation and amputation rate trends amongst persons with diabetes in Australia. Moreover the Queensland Statewide Diabetes Clinical Network commissioned a Diabetic Foot Innovation Project to address the significant growing burden of diabetes foot-related complications in Queensland in 2007 [27] . In 2008 the project implemented multi-faceted evidencebased strategies in geographically diverse pilot regions to improve diabetes foot-related complication management in ambulatory services in an attempt to reduce foot-related hospitalisation and amputations amongst persons with diabetes [27] . Subsequently these strategies were rolled out to cover most health regions in Queensland by 2010 [28] .
Thus, this study's primary aim was to determine the annual incidence of foot-related hospitalisation and amputation amongst persons with diabetes in Queensland (Australia) between 2005 and 2010. The secondary aim was to observe trends pre-and post-implementation of staged statewide ambulatory diabetes foot-related complication service strategies in Queensland.
Methods

Ethics Statement
This study was a retrospective analysis of a population-based hospital discharge dataset (Queensland Hospital Admitted Patient Data Collection (QHAPDC) [29] ). The Human Research Ethics Committee at The Prince Charles Hospital, Brisbane, Australia provided ethical approval for the study (Ethics No. HREC/12/QPCH/8) and the Office of Health and Medical Research, Queensland Government, Australia provided approval to access anonymised QHAPDC data for the purposes of the study. All QHPADC data obtained for the purposes of this study was anonymised by the Health Statistics Branch (Queensland Government) prior to providing it to the authors for analysis. Thus, individual patient consent was not required or available.
Data source
The QHAPDC dataset covers all public and licensed private inpatient and day hospital admission separation activity in the state of Queensland, Australia [29] . All patients discharged between 1 st January 2005 and 31 st December 2010 from a Queensland hospital for the principal reason of a diabetes foot-related complication or amputation procedure were identified through a series of 32 International Classification of Diseases, Tenth Revision, Australian Modification (ICD-10-AM, Fifth Edition) diagnoses codes and twelve ICD-10-AM lower extremity amputation procedural codes (Table 1) .
Outcome definitions
The outcomes, used as the numerators for this study, were cases of foot-related hospitalisation (admissions and occupied bed days used) and amputations (total, minor and major) amongst persons with diabetes. Diabetes foot-related hospitalisations were defined as having diabetes and a foot-related complication diagnosed and entered in the hospital medical record by a physician during the hospital separation, and subsequently coded and entered in the QHAPDC by a hospital coder [29] . Diabetes foot-related hospital admission cases were identified from the QHAPDC dataset as any hospital separation discharge with a principal diagnoses or procedural code outlined in Table 1 . A hospital separation is defined as ending at discharge, transfer, death or major change in episode of care type [29] . Hospital occupied bed days used were defined as the overall number of bed days used during the length of stay for the above defined diabetes foot-related hospital admission cases. Average length of stay was calculated using the numerator of total number of hospital occupied bed days used over the denominator of total number of hospital admission cases for each calendar year. Amputation cases were defined as any lower extremity amputation procedural code identified from the above defined foot-related hospital admissions amongst persons with diabetes (Table 1) . Major amputations were defined as all procedural codes for lower extremity amputation procedures through or proximal to the ankle, and, minor amputations were amputation procedures distal to the ankle. In admissions recording multiple amputation procedure codes for the same admission separation, the highest level of amputation was assigned as the single amputation procedure for that admission only. All amputation procedures with an additional diagnosis code of diabetes were included. Thus, amputation cases that may have been primarily related to other causes such as malignancy or trauma were included in this analysis. Data extracted for each hospital admission case included age, sex, length of stay, year of discharge and any aforementioned identified diabetes foot-related principal diagnoses or amputation procedural codes. Ages younger than 18 years and older than 85 years were grouped into '<18 years' and '>85 years' groups respectively by the Health Statistics Branch prior to providing data to the authors to ensure that the potentially small number of people in these groups were not re-identifiable by the authors or other third parties.
Population definitions
Two different populations were used as different denominators to determine the incidence rates for all outcomes as recommended [12, [15] [16] [17] . These populations were the general population and diabetes ('at risk') population of Queensland for each calendar year from 2005 to 2010. The general population numbers, including age and sex category numbers, were obtained directly from the official Australian Bureau of Statistics midyear general resident population numbers for the state of Queensland (Australia) for each calendar year from 2005 to 2010 [30] . The diabetes population numbers for Queensland were not publicly available for the six-year period from 2005 to 2010. Queensland diabetes population numbers for each calendar year were therefore estimated using data from the Australian National Diabetes Services Scheme (NDSS) register [31, 32] . This was performed using the proportion of the number of people registered with diagnosed diabetes on the NDSS register in Queensland (199, 242) in the most recent reported year of 2013 compared with those registered with diagnosed diabetes in Australia (1,093,125) from the same source and year [32] . The Queensland proportion from 2013 (18.23%) [32] was then multiplied by the available midyear numbers of people registered with diagnosed diabetes on the NDSS register in Australia for each calendar year to determine an estimated midyear diabetes population in Queensland for the years 2005 to 2010 [31] . Age and sex category numbers for the Queensland diabetes population were not available and unable to be estimated [31, 32] .
Incidence rate definitions
The incidence rates for this study were determined using the formula of the number of outcome cases (numerator) over the number of population in person-years (denominator) for the calendar year [33] . Specific incidence rates determined for this study were: 1) hospital admission cases due to diabetes-related foot complications per 100,000 person-years (general population); 2) hospital admission cases due to diabetes-related foot complications per 1,000 personyears with diabetes (diabetes population); 3) hospital bed days used due to diabetes-related foot complications per 100,000 person-years (general population); 4) hospital bed days used due to diabetes-related foot complications per 1,000 person-years with diabetes (diabetes population); 5) total amputation cases from any cause in people with diabetes per 100,000 person-years (general population); 6) total amputation cases from any cause in people with diabetes per 1,000 person-years with diabetes (diabetes population); 7) minor amputation cases from any cause in people with diabetes per 100,000 person-years (general population); 8) minor amputation cases from any cause in people with diabetes per 1,000 person-years with diabetes (diabetes population); 9) major amputation cases from any cause in people with diabetes per 100,000 person-years (general population); and, 10) major amputation cases from any cause in people with diabetes per 1,000 person-years with diabetes (diabetes population).
>75 years). Median age (interquartile ranges) was also calculated for each outcome per calendar year. Chi-squared tests of independence were used to test differences in sex and age category proportions for each outcome between calendar years. Kruskal-Wallis tests were used to test differences in median age and average length of stay for each outcome between calendar years. Crude annual incidence rates were calculated for all ten aforementioned defined incidence rates [33] . Age-sex adjusted annual incidence rates using a direct standardized method were also calculated for hospitalisations (admissions and bed days) and amputations (total, minor and major) for the general population [33] . The 2006 mid-year general resident population of Queensland (Australia) was used as the referent year for the age-sex standardization as this was the official year of the Australian census count by the Australian Bureau of Statistics [30] . All age-sex standardized incidences for each calendar year were adjusted based on the age and sex distribution of the 2006 calendar year's population [30] and expressed per 100,000 personyears of the general population [33] . Age-sex adjusted annual incidence rates for the diabetes population were unable to be calculated using available data [31, 32] . Confidence intervals (95% CI) were calculated for the crude and age-sex adjusted annual incidences for the overall outcomes of hospitalisation (admissions and bed days) and amputations (total, minor and major), using the Wilson score method without continuity correction [33] . Crude incidence rates for all outcomes were also calculated separately for each sex and age category in the general population. Chi-squared test of trend were used to assess changes in incidence over time for each sex and age category for all outcomes.
To more robustly test for time trends Poisson regression models were fitted for hospitalisation (admission and bed days) and amputation (total, minor and major), rates across the six year period offset by the Queensland general population. Three models were used for each outcome; the first including calendar year only, the second adjusting for the independent variables of sex and age categories and the third model adjusting for age, sex and the interaction variables of sex Ã age categories. Calendar year was treated and reported both as a categorical and continuous variable to evaluate the robustness of findings.
Results Table 2 The median (interquartile range) age for cases hospitalised for diabetes foot-related complications was 67(58-76) years and for total amputations was 66(56-76) years; the median age did not change over the six-year period for either outcome (p = 0.105 and p = 0.256, respectively). The proportion of male cases hospitalised for diabetes foot-related complications was 66.9% and for total amputations was 70.4%; the proportion of male cases hospitalised did not change over the six year period (p = 0.278), however the proportion of male total amputation cases did increase from 67.0% in 2005 to 71.0% in 2010 (p = 0.047). Table 3 respectively). Crude incidence rates significantly decreased for all sex and age categories for hospital admissions and total amputations (p < 0.05 respectively); with the exception of nonsignificant decreases for male total amputations and increases for the 0-34 year age category for both hospital admissions and total amputations (p > 0.05 respectively). Table 4 Table 5 reports the results for the independent variables of continuous calendar year, sex, age and sex Ã age groups from the three regression models for each outcome. 
Discussion
This population-based study reports the incidence of foot-related hospitalisation and amputation amongst persons with diabetes reduced between 2005 and 2010 in the state of Queensland, Australia. These reductions occurred across all foot-related hospitalisation and amputation outcomes amongst persons with diabetes using both the diabetes (at risk) and general populations as denominators. They also decreased across most age and sex categories over this period, except for the youngest age category (0-34 years). In the general population, incidence of these outcomes initially increased from 2005 levels before stabilising and decreasing to the lowest reported levels in 2010. Absolute numbers of these outcomes amongst persons with diabetes were also fewer in 2010 compared to 2005. Median age and sex proportions of those hospitalised with diabetes foot-related complications remained stable throughout the period, except for a small change in the proportion of males undergoing amputation. The proportionate burden of foot-related hospitalisation amongst persons with diabetes, during this six-year period equated to 0.26% of all hospital admissions (9,474,073) and 0.92% of all bed days used (28, 397, 347) in Queensland hospitals [34] . Reporting of amputation rates amongst persons with diabetes are prone to many confounding factors including differences in data capture and ascertainment, numerator and denominator definitions, and different crude and standardised rates [3, 12, 15, 16] . It is commonly recommended that to detect a real improvement in amputation rates amongst persons with diabetes in a geographical region, absolute numbers and incidence of amputations should reduce [12, 15, 16] . The findings of this study have demonstrated a reduction in absolute numbers and incidence of amputation amongst persons with diabetes when comparing 2005 and 2010 outcomes. Furthermore this study demonstrated reductions in both the age-sex standardised incidence of the general population, reported as a more conservative measure by many authors, as well as using the crude incidence in the diabetes population [16, 17] . This study, consistent with other studies, reports a much more dramatic reduction using the diabetes population then when using the general population as the denominator [16, 17, 20] . A potential reason for this is evident when comparing the 56% increase in people diagnosed with diabetes [31] with the 12% increase in the general resident population of Queensland [30] over the sixyear period of the study. Thus, the authors consider the amputations per diabetes population Table 4 . Rate ratios of hospitalisation (admissions and occupied bed days) and amputation (total, minor and major) cases in Queensland from 2005 to 2010 with and without adjustment for sex, age and sex*age groups: results from Poisson regression models using calendar year as a categorical variable. rate reduction may be exaggerated by the rapid registration of people diagnosed with diabetes in this period and suggest the real reduction may be closer to the findings of the more conservative age-sex standardised incidence in the general population [16, 17] . The reductions in amputation and hospitalisation rates were also experienced across most age and sex categories. The only category that experienced an increase in these outcomes was the youngest age category of 0-34 years. It could be hypothesised that these increases may indicate increasing numbers of younger people experiencing major diabetes foot-related complications consistent with reported increases in numbers of younger people being diagnosed with type 2 diabetes in Australia [35, 36] . Otherwise, consistent with similar studies, amputation and hospitalisation rates increased as age categories increased and males had a 2-3 fold risk in comparison to females [18, 20, 21] . However, interestingly the rate reduction over the six-year period in this study was much greater in females than males. With different rate changes in different age and sex categories, further research is required to investigate the impacts of age and sex on diabetes-related foot complications to assist the targeting of future diabetes health policy.
Outcome
In the general population, the incidence of foot-related amputation and hospitalisation outcomes amongst persons with diabetes initially increased in 2006 or 2007 before decreasing to the lowest reported levels for the period in 2010. Whilst these improved rates of diabetes footrelated outcomes in the latter part of the period are not likely to be the result of one systematic change, they did coincide with the implementation of multi-faceted ambulatory diabetes footrelated complication services across Queensland in 2008 [27] . These strategies, based on national and international diabetes foot guidelines [2, [37] [38] [39] [40] , included establishing ambulatory multi-disciplinary diabetic foot teams, increasing use of podiatrists, implementing best practice clinical pathways, clinical training, telehealth expert support and measuring key diabetes foot-related complication clinical performance indicators [27] . The pilot regions initially implementing these strategies in 2008 reported significant improvements in the evidence based treatment of larger volumes of people with diabetes foot-related complications and significant reductions in diabetes foot-related hospitalisation and amputation rates [27, 28] . These strategies were rolled out across Queensland in 2009 and 2010 with the provision of a clinical incentive payment for regions implementing the strategies [28] . In 2010 two thirds of Queensland health regions had implemented these ambulatory service improvements collecting regular data on over 1,800 patients with diabetes foot-related complications [28] .
Whilst these multi-faceted ambulatory service changes could be hypothesised to have had an impact on diabetes foot-related hospitalisation and amputation, as reported in other similar studies [16] [17] [18] [19] [20] [21] , it could equally be hypothesised that other service changes in diabetes care may have also been associated with the reductions. These other service areas reporting improvements in diabetic foot outcomes include tighter metabolic control of patients with diabetes in primary care, improvements in limb-saving vascular procedures and increased medical management of severe infection in tertiary inpatient care [16] [17] [18] [19] [20] [21] . Although, there have been no published systematic service changes in these other areas of diabetic foot management in Queensland during the investigated period these hypotheses cannot be discounted. Regardless of any hypothesised cause, large reductions in amputation rates have been reported to occur more readily in populations with very high preceding amputation rates [41] . As per the initial findings of this study, Australia had very high total amputation rates amongst persons with diabetes in the general population in comparison to other nations [4, 13, 22, 23] and these rates were increasing [7, 24, 25] . Thus, any improvements in an Australian population may show more dramatic effects than in regions with lower preceding amputation rates amongst persons with diabetes.
The trend of amputation incidence reduction over the six-year period of this study appears to be mirrored by a corresponding reduction in foot-related hospitalisation amongst persons with diabetes. To date there have been very few population-based studies reporting both footrelated hospitalisation and amputation data amongst persons with diabetes [19] . Thus, this study provides useful population-based findings to begin to quantify the population burden of foot-related hospitalisation and amputation amongst person with diabetes. The hospitalisation reduction reported in this study in conjunction with increased lengths of stay and a reduction in 'prophylactic' minor amputation procedures [14, 42] , potentially adds to a hypothesis that any improvements in diabetic foot care occurred prior to hospital inpatient care [19] .
The impact of reductions in foot-related hospitalisation and amputation not only have benefits on population-based morbidity, but have potential significant functional, quality of life and mortality benefits for those persons with diabetes foot-related complications [5, [8] [9] [10] [11] and economic benefits for the wider regional health system [6] [7] . Nonetheless, it is recommended that future longitudinal studies are undertaken to determine the state and national amputation rates amongst persons with diabetes in Australia and the wider potential benefits of footrelated hospitalisation and amputation reductions in Australia.
Strengths and Limitations
This study has many strengths. Firstly, the study is based on a very large representative population of Australia and uses an international standard hospital discharge dataset to determine the outcome numerator [29] . Secondly, it reports absolute numbers and incidence in both the estimated registered diabetes ('at risk') population and the official general ('conservative') resident population. However, the diabetes population numbers used were an estimate from an official national source and are thus their accuracy is uncertain. Thirdly, this study presents incidence rates, adjusted for age and sex, for the general population and analysed incidence rates using robust regression models. Finally, it is one of the few population-based studies to report both foot-related hospitalisation and amputation rates amongst persons with diabetes to more completely determine a large geographical region's diabetic foot-related hospitalisation burden and trends. Thus, the findings of this study can be considered to be widely applicable in an Australian context and the aligned hospitalisation and amputation data of interest to the international diabetic foot community.
This study also has a number of limitations. Firstly, as per similar studies, this study can only hypothesise the most likely causes for any reductions, but it cannot conclude any causal associations. Secondly, the study is reliant on retrospective data from only one hospital discharge data source and hospitalisation and amputation cases have not been verified with other data sources for case ascertainment accuracy. However, previous Queensland studies report very high accuracy for amputation case ascertainment using this hospital discharge dataset [23, 43] . Thirdly, Australian ICD-10-AM coding and classification versions are updated biannually and can impact on hospital discharge data collected [44] . However, principal diagnosis codes for diabetes complications were reported to remain consistent throughout this period, except for a change in interpretation in July 2010 which may have resulted in some underestimation of the data collected for hospital admissions in late 2010 [44] . Fourthly, the study did not exclude amputations or admissions that were trauma or malignancy-related in persons with diabetes and perhaps not attributable to diabetes per se. However, previous Queensland studies report very low proportions of trauma and malignancy-related amputations within total amputations performed [23] . Fifthly, the study did not report on non-diabetes related amputations as a 'pseudo-control'. However, an Australian study reported all-cause lower extremity amputation rates remained relatively stable for the same period [45] , whilst, another Australian state reported amputation rates amongst persons with diabetes in older age groups remained stable and non-diabetes rates reduced [46] . Lastly, the study can only report cases and is unable to differentiate between individuals, and thus, was unable to report on amputations of individuals, new amputees or first and repeat amputation rates.
Conclusions
This study has reported significant reductions in foot-related hospitalisations and amputations amongst persons with diabetes across a large representative population of Australia. These reductions are consistent with other international studies reporting improvements in amputation and hospitalisation rates that coincided with improvements in diabetic foot care. However, this appears to be the first time statewide reductions of foot-related amputations or hospitalisations amongst persons with diabetes have been reported in Australia. Future research is required to determine the Australian national diabetes foot-related hospitalisation and amputation rate trends and the causal relationships of any service changes.
